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(54) Abstract Title 

Apparatus and method for regulating power on a contactless portable data carrier 

(57) A portable data carrier includes a receiving circuit 202 for use thereby in a contactless mode to receive a 
power signal. The portable data carrier further includes a rectifying element 206 connected to the receiving 
circuit and having two voltage outputs, whereby the difference between the two voltage outputs reflects an 
amplitude of the power signal. A comparator element determines the difference between the two voltage 
outputs and generates a control signal 210 whose amplitude varies substantially proportionately to the 
difference between the two voltages. A plurality of switchabie reactances (e.g. capacitors) C r C 4 are 
manipulated by the control signal, to thereby effect power regulation and optimization by tuning or de-tuning 
a resonant circuit disposed within the receiving circuit. 
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Apparatus and Method for Regulating 

POWER ON A CONTACTLESS PORTABLE DATA CARRIER 



Field of the Invention 

The present invention relates generally to a portable 
data carrier designed for use in a contactless mode, and in 
particular to a method and apparatus for regulating power 
0 delivered to such a portable data carrier. 



Background of the Invention 

5 Portable data carriers (e.g., smart cards or chip cards) 

are known to include a plastic substrate within which a 
semiconductor device (i.e., integrated circuit-IC) is 
disposed for retaining digital data. This digital data may 
constitute program instructions, user information, or any 
0 combination thereof. Moreover, these chip cards are known to 
be operational in a contacted mode, whereby an array of 
contact points disposed on the plastic substrate and 
interconnected with the semiconductor device is used to 
exchange electrical signals between the chip card and an 
5 external card reader, or terminal. Similarly, there exists 
smart cards that operate in a contactless mode, whereby a 
radio frequency (RF) receiving circuit is employed to 
exchange data between the card and a card terminal. That is 
the card need not come into physical contact with the card 
terminal in order to exchange data therewith, but rather must 
simply be placed within a predetermined range of the 
terminal. 

Additionally, there exist smart cards that are 
alternatively operational in either a contacted mode or a 
contactless mode. Such cards are equipped with both RF 
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receiving circuitry (for contactless operations) as well as an 
array of contact pads (for contacted operations). These cards 
are commonly referred to as combination chip cards, or 
combi-cards. It should be noted that in both the contacted 
5 chip card and the combi-card arrangements, the array of 
contact pads typically conform to the ISO Standard 7816, 
which standard is incorporated herein by reference. 

One of the problems of contactless smart card 
1 0 applications stems from irregular power reception by the 

smart card. Excessive power levels, inadequate power levels, 
or simply power levels varying greatly over time, each pose 
unique problems for the smart card processing unit. By way 
of example, excessive power levels delivered to a smart card 

1 5 can result in undesirable heat build up or may even damage 

the internal circuitry inside the plastic laminate. 

Another problem of contactless smart card applications 
stems from manufacturing variances of the radio" frequency 

2 0 (RF) receiving circuit. This circuit has inductive (L), 

capacitive (C) and resistive (R) components. These 
components are selected and arranged to form a resonant 
circuit tuned to accept a predetermined level of RF power for 
delivery to the processing element (MPU) of the smart card. 

2 5 Component variances (due to manufacturing tolerances and/or 

aging) may result in erroneous operation of the smart card 
due to the circuit performing off-resonance at a carrier 
frequency. 

3 0 Accordingly, there exists a need for a smart card 

apparatus and method for regulating power delivered to the 
card over a wide range of applications, as well as adjusting 
for manufacturing variances of resonant components. 
Moreover a power regulator and method therefore that was 
3 5 automatically adaptive, allowing for tuning the electrical 
characteristics to optimize power reception (either 
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increasing power reception or decreasing power reception) 
during the operation of the smart card, would be an 
improvement over the prior art. 



Brief Description of the Drawings. 

FIG. 1 shows a portable data carrier arrangement that can be 
used in a contactless mode, according to the invention; 

FIG. 2 shows a simplified block diagram of a portion of the 
contactless portable data carrier shown in FIG. 1; 

FIG. 2A shows a power curve responsive to several 
embodiments of the present invention; 

FIG. 3 shows a more detailed schematic diagram of the block 
diagram of FIG. 2; 

FIG. 4 shows a simplified block diagram of the switch select 
logic shown in FIG. 3; and 

FIG. 5 shows a flow diagram depicting operation of the power 
regulation scheme, in accordance with the present invention. 



Detailed Description of a Preferred Embodiment. 

The present invention encompasses a portable data 
carrier that is used in a contactless mode and receives a 
power signal from an external reader/terminal. After receipt 
of the power signal by a radio frequency (RF) receiving 
circuit, the power signal is rectified, thereby producing a 
voltage output reflecting an amplitude of the received power 
signal. A comparator is then used to determine the voltage 
output, which comparator generates a control signal whose 
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amplitude varies substantially proportionally to the power 
level presented thereat. The control signal is operably 
coupled to a plurality switchable impedances disposed 
substantially on the portable data carrier to dynamically 
5 alter the electrical characteristics thereof. 

The present invention can be best described using the 
illustrations set forth in FIGS. 1-5. FIG. 1 shows a 
combination smart card 100, in accordance with the present 

1 0 invention. Such smart cards are conventionally manufactured 

using a plastic substrate 102 having disposed therein an 
integrated circuit 104, as shown. Electrically connected to 
the integrated circuit 104 is a plurality of contact pads 106, 
which typically conform to the International Standard (ISO 
15 7816). A radio frequency (RF) receiving circuit 108 is used 
to gather RF signals emitted for use by the combination 
smart card 100. In it's simplest form, the RF receiving 
circuit 108 may comprise an antenna disposed peripherally 
about the plastic substrate 102. This RF receiving circuit is 

2 0 used to receive, inter alia, a power signal for use by the 

smart card during operation. 

FIG. 2 shows a simplified block diagram of a power 
regulating portion of the smart card 100, in accordance with 

2 5 a preferred embodiment of the invention. Coil impedance 202 

represents the discrete components associated with the RF 
receiving circuit 108 shown in FIG. 1. It should be noted that 
this impedance, in accordance with a preferred embodiment, 
is located "off-chip", as denoted in FIG. 2. Coil impedance 

3 0 202 is further manipulated using a portion of control signal 

210, as shown and later described. Tuning impedance 204 is 
similarly controlled by a portion of control signal 210, as 
later described, and is located "on-chip." A power rectifier 
206 is disposed between the tuning impedance 204 and a 
3 5 power regulator 208. It is the power regulator 208 that 
generates the control signal 210, which is in turn used to 
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modrfy the coil impedance 202 and the tuning impedance 
204, ,n accordance with the present invention VoKages Vnn 
and VSS are primed to the processing unit «MPU) for Je 
smart card 100 shown in FIG. 1. According ,o a preferred 
5 embod,ment. this processing unit is also "on-chip ■ 

,h« « F,Q : 2A . Sh ° WS 8 S6t °' power curv « 250 that illustrate 

ete^mhon P ° W r r re9U,a,i ° n ^ wording t 

several embedments of the invention. As shown power 

arcurt. uned to be at optimum power reception, P,, at the 
earner frequency, f c . According to the ^ ; ^ 

response characteristic 252 is altered by switching 
impedances ,nto the resonant receiving circuit, as later 
desenbed with reference to FIG 3 in . . 

arirtinr. rz.»^i, " P artl <=ular, selectively 

addmg reachve components to the receiving circuit has the 
effect of de-tuning (i, less power is desired or tuning (when 
more power is desired) as illustrated by power curves 253 
254. That ,s, by adding series inductance or parallel 
capacrtance to the resonant circuit, the power response curve 
.s sh-fted ,o the left (see curve 253). Similarly, by reducing 

'.he U< r Ce " Para " e ' CaPaC " anCe h '"e resonam 9 

TrZr, h CaS8S ' apparerrt P° wer by the 

fTwer teve. P p°, C T r ^ V ° arrier ,reqUenCy iS lowe - d «° a 
sTX, T P 255 °" b0th power "•*»"•• curves, 

thistchn- bS aPPreda,ed by ,hose — i" «» ar. 

2 IT^rr h"" 1 " 19 and de -« Unin9 ,he RF ~9 ' 
arc* can be advantageously employed to selectively affect 

s P 6 °e W n er h T ,a,i ° n - ' hereby COn,ro, how •»«" PO- Ts 
seen by the processing element of the smart card 

Power dissipation is accomplished in a similar manner 
except the switchable impedances are substantia," S 

sw1,chinr n9 T' y 2er ° ' reqUenCy Shi "»- B * Actively 
sw.tch.ng res,s„ve elements, as described with reference to 
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FIG. 3 below, the power seen by the processor is reduced to a 
power level, P3, as indicated on power curve 256 at point 
257. In this manner, excess power received by the RF 
receiving circuit can be dissipated across the resistive 
5 components, as next described. 

FIG. 3 shows a more detailed schematic diagram of a 
power regulating assembly, in accordance with the present 
invention. In particular, it is shown that the tuning 
1 0 impedance 204 is comprised of a plurality of shunt 

capacitors C0-C4, and a switch bank 302. (It should be noted 
that the present invention could well be designed using 
series inductances, but the shunt capacitors is presently 
preferred). Switch bank 302 is controlled by a portion of the 

1 5 control signal 210, and is operative to selectively activate 

shunt capacitors C1 - C4, as shown. Similarly, coil 
impedance 202 is comprised of an inductor 303, a dissipating 
resistor RD1 and a series inductor 305, which latter two 
components are selectively to switched, using switch banks 

2 0 304 and 307, respectively. Switch bank 304 is controlled by 

a second portion of the control signal 210, and switch bank 
307, is controlled by a third portion of the control signal 
210. According to the invention, the second portion of the 
control signal 210 is used to selectively place the 

2 5 dissipating resistor RD1 in series with the inductor 303. A 

fourth portion of the control signal 210 is used to selectively 
enable a second dissipating resistor, RD2, using a third 
switch bank 306 (not shown in FIG. 2). It should be noted that 
RD2 functions in much the same way as RD1> i e., to divert 

3 0 undesired energy away from the sensitive circuitry of the 

smart card 100. 

As earlier stated, one of the problems of contactless 
smart card operations rise in the varying tolerances seen by 
3 5 the card during use. For example when a contactless smart 
card is presented one centimeter (1 cm) away from the card 
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terminal, that card receives considerably more power than 
he same card presented, e.g., 9 cm from the card terminal 
Under these conditions, it would be beneficial to somehow 
either reduce the amount of power level seen by the smart 
card c,rcu,try or dissipate the excess energy in a non- 
detnmental fashion. The present invention anticipates both 
of these solutions using a plurality of switchab.e impedances 
to educe the amount of power levels seen by the smart card 
or to d.vert excess energy that would otherwise build up and 
damage the sensitive circuitry on-board the smart card. 

According to the invention, the power regulating 
circuitry reduces the apparent power delivered to the smart 
card crcuitry by effectively detuning the power receiving 
c.rcu.try. In particular, detuning of the resonant circuit 
(which comprises an inductor 303, a total capacitance-i e 
C T being the sum of C 0 -C 4 -and an inherent resistance) is 
accomplished by selectively activating shunt capacitors Ci - 
C 4 . That is, by selectively engaging capacitors d - C 4 the 
total shunt capacitance C T is progressively increased until 
the receiving circuit is sufficiently detuned, thereby 
reducing the effective power levels seen by the card In a 
similar manner, the smart card 100 can be dynamically tuned 
using the same approach by slightly adjusting the total 
capacitance C T using the switch bank 302. Thus the 
apparent power level received by the card can be' adjusted (up 
or down) by tuning or detuning the receiving circuit using 
control signal 210 and switch bank 302. 

Ci C^nh 9 *k 3 Pr6ferred embodi ™nt, shunt capacitors 
Ci - C n can be chosen such that a total shunt capacitance C T 
is given by the equation: ' 

CT = (Cn + X(Ci2n)) 
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In this manner, Cy can be binarily changed from a 
nominal Co value, in either an ascending or descending 
sequence. This allows for either gross changes (e.g., for 
quickly de-tuning the resonant circuit, and therefor limiting 
5 power reception) or minor changes (e.g., for fine-tuning the 
resonant circuit to optimize power reception). It should be 
noted that the switching of multiple series inductances (for 
de-tuning) or multiple series resistors (for power 
dissipation) can also be accomplished using multiple 
10 switches, as described above for use with capacitors C1-C4. 
In this manner, finer resolution can be obtained with 
inductive and resistive elements as well. 

Using a different approach, selectively disposed 
15 dissipating resistors RD1, RD2 can be used to dissipate 
excessive power received by the smart card. As earlier 
noted, switch banks 304 and 306 can be selectively activated 
to place these dissipating resistors in series, thereby 
resulting in effective power dissipation. Of course, these 
2 0 dissipating resistors will heat up, but so long as these 

resistive elements are disposed "off-chip," the internal (i.e., 
on-chip) smart card circuitry will not be damaged. It is 
noted that the resistive element, according to the invention, 
may be any combination of externally deposited resistors 

2 5 (e.g., off-chip resistive paste), resistive connections (e.g., by 

using off-chip lossy conductive epoxy), or series resistances 
disposed on-chip. Thus, it can be seen that the problem of 
excess power can be managed according to the invention in 
one of three ways: 

3 0 1) by effectively de-tuning the resonant circuit, to 

thereby reduce the effective power level seen by the 
power rectifier; 
2) by dissipating the excess power using a series of 
dissipating resistors; or 
3 5 3) a combination of the above techniques. 
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rr . so that powe^^rrzr/irrr 

ron, c parts on a smart card having electrical 

o how ::v nt Tz:> dia9ram 400 

306. As mentioned earlier JT " **- 304 ' 

star 2, °" and 21 °- « - — 

ana 306. J:Jzi::z:r s cZrT 9 ? ,ch banks 304 

to a threshold detector Z h T ? Qna ' 21 °' is '"P" 1 * 6 " 
not the voltage Z^nL de «°"»ines whether or 

between vi and V > "„""* a " aCCeptebte ' ra "9« 0*. 
vmm and Vmax ). Depending on whether or „«i iL 

voltage difference is within range, me threCd l^T 

and 3 trdlrLr" 9 *~ 4<M <*£EV 

aerated v!hen r po n weMe e e | : ""^ ^ " 

s. 9 na, is generated len £^^^ y - ^ 

binary T l e u „tr:"ca 9 rr Si9nalS ™ ^ <° a 

coming s r« r : a h0 7 d r va : u : *» 

counter value can be periodica" stol 
preferred embodiment ,h s " mem0,y 407 (in a 

so that the latest tulg valuTc k 3 n °"- TO,al,te ™™<y 
and provided to ^ZITZ^ 'ZT " "* *" 
value is presented to the swttchbank 3 £l *T" ^ 
•nogering signa, 409. which ^ZZZTJ?*? " ^ 
appreciated by those skilled in the art. 
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FIG. 5 shows a flow diagram 500 depicting the 
operation of the power regulating circuitry of the smart card, 
in accordance with the present invention. Upon receipt (502) 
5 of a power signal, the shunt regulator voltage (VSR) is 

measured (504) using the comparator 401 shown in FIG. 4. A 
decision (506) is then reached to determine whether or not 
the VSR is greater than V m ax- If not, a decision (508) is 
reached to determine whether or not VSR is less than Vmin- 
10 (It should be noted that decisions 506, 508 constitute the 
functionality of threshold detector 403 shown in FIG. 4.) 

If the VSR is greater than Vmax, another decision (510) 
is reached, whereby it is determined whether or not VSR is 

1 5 greater than a voltage, Vdamage. that may be detrimental to 

the internal circuitry. If so, power is dumped (512) into 
dissipating resistors Rdi or R D2. as shown in FIG. 3. At this 
point, a "down" signal is issued (514) by the threshold 
detector. Similarly, if the VSR is less than Vmi'n 

2 0 (indicating inadequate power level for proper operation of the 

card), an "up" signal is issued (516) by the threshold detector. 
The binary counter 405 is then triggered (518), thereby 
updating the counter values according to the inputted 
directional tuning signals, and presenting it to switch bank 

2 5 302 shown in FIG. 4. According to the invention, this new 

tuning value is also stored (520) in memory element 407 
shown in FIG. 4, before the routine is exited. 

In the foregoing manner, the present invention 

3 0 advantageously provides for the effective reduction and or 

dissipation of excess power seen by the smart card. Further, 
the resonant tuning circuit can be selectively fine-tuned to 
improve power receiving performance during the operational 
life of the smart card. 



35 



What is claimed is: 
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Claims 



1. A portable data carrier that include* a 

for use thereby ,„ a contact(ess ~ S ^e.v.ng circuit 

5 s.gnal, the portable data carrier ^Z^T* * ^ 

a rectifying element operably coupled to tho 
circuit having two voltage outputs a d,«! reCe ' Vm9 

. o zr 9e ou,puts ^ ^rrcz ,he 

substantia,* propo4 e T,: 9 s l W d h ° Se ««- 
two voltage outputs; and "'"erence between the 

2 0 to ,he%o^ ig ° n f a r ,Chab,e rSaC,anCeS «M- 

2 S etement, the threshed detrtor h.!- COm P arator 
o» directional tuning signal '" 9 38 ° UtpU,S a 

3. The portable data carrier • 
3 0 counter operably couptedTo I T ? COmpriSin ° a 

said directional tuning Ina.s ,„T ^ de,e0 ' Or '° receive 
of outputs tha, reflec? J^^T" ^ ' "'^ 

3 5 4. The portable data carrier of claim 3 f„ rth 

P-ality „ switching events. ^^7^ 
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said plurality of counter outputs, the plurality of switching 
elements being further coupled to a corresponding one of the 
plurality of switchable reactances. 



5. The portable data carrier of claim 3, wherein the counter 
further comprises an input for receiving a triggering signal 
and wherein the clock signal triggers an increase in the 
counter value responsive to a positive directional tuning 
1 0 signal and a decrease in the counter value responsive to a 
negative directional tuning signal. 



6. The portable data carrier of claim 1, wherein the plurality 
1 5 of switchable impedances comprise capacative elements. 



7. The portable data carrier of claim 1, wherein the plurality 
of switchable impedances comprise inductive elements. 
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8_ In a portable data carrier that indudes a radio frequency 

receiving the power signal; 
signa,f ,erminin9 """" P0Wer ' eVe ' °" *• Power 

providing a plurality of switchab.e impedances; and 

selectively activating, responsive to the step ot 
determm.ng the input power leve.. a, ,e as , one ot the 
pluralrty of switchabie impedances, thereby regulatina 
the^npu, power level delivered to the procL'g 

^erence between a ^o^T^T^T^ 
^ element tha, is operably coupled to the RF rec^iCcircuit. 

10. The method of claim 8, wherein the plurality of 
•mpedances comprise capacative elements and wherein the 
step of selectively activating comprises the steps T 

30 o, ,he 9 r; P rZe a r r°r si9nal ,ha * re,,ec,s an a — 

adjusting a counter value based on said control signal; 



20 



and 



35 



individually switching the plurality of capacative 
elements based on the counter value. ca P aca,l « 
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11. In a portable data carrier that includes a radio frequency 
(RF) receiving circuit for use thereby in a contactless mode 
to receive a power signal, a method of optimizing input 
power reception, the method comprising the steps of: 

5 

measuring a nominal input power signal; 

providing a plurality of switchable capacitances; and 

1 0 selectively activating, responsive to the step of 

measuring, at least one of the plurality of switchable 
capacitances, to thereby optimize input power 
reception. 

1 5 



-14- 



A 




Application No: 
Claims searched: 



Patent 
Office 



GB 9701959.0 
1 to 11 



15" 



Examiner: 
Date of search: 



Mr A Oldershaw \ 
21 April 1997 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 



UK Patent Office coUections, including GB, EP, WO & US patent specifications, in: 
UK CI (Ed.O): G3U UAE9, UAX; H4L LAPS 
Int O (Ed.6): G05F; G06K 

Other: 



Documents considered to be relevant: 



Category 


Identity of document and relevant passage 


Relevant 
to claims 


X 


WO96/13804 (SIEMENS AG) 


1,8,11 






at least 


X 


W096/13792 (SIEMENS AG) 


■ I 



Document indicating lack ofoovehy or inventive step 
Document indicating Uck of inventive step if combined 
who one or more other documents of same < 



' category. 



A Member of the same patent family 



p r^™ 1 * wdk ^ D S «ecnnological background and/or state of the art. 

T 0 *^ 111 |Mlblijihed on ° r **kr the declared priority date but before 

the filing date of this invention. 
E Patent document published on or after, but with priority date earlier 

than, the filing date of this application. 



An Executive Agency of Ac Der^r*™™ of ?r*A T~*« 



